The ultrastructural effects of 400 mg/M 2 /day of hydrocortisone sc, given alternatively from day 7 through day 19, were studied on the lymphocyte populations in the white pulp of the spleen and in the cortex of the mesenteric lymph nodes of the immunologically immature rat. Results were consistent with both a direct lytic effect of hydrocortisone on small lymphocytes of the nodular cortex of the mesenteric lymph nodes and an indirect effect on small lymphocytes of the periarterial lymphatic sheath (PALS) of the spleen supplied via the thymus. In contrast, medium-sized lymphocytes in the PALS appeared to be unaffected by hydrocortisone, while medium-sized lymphocytes of the nodular cortex of the mesenteric lymph nodes exhibited a temporary depletion of cytoplasmic organelles. Hydrocortisone appeared to depress protein synthesis in these latter cells. The decrease in numbers of lymphoblasts and plasmablasts observed in the nodular cortex of the mesenteric lymph nodes and the white pulp of the spleen is consistent with hydrocortisone interference with proliferation and differentiation of activated B cells.
INTRODUCTION
The pharmacologic use of corticosteroids administered on alternate-day versus daily divided doses has been shown to reduce the side effects associated with chronic therapy (19) . In particular, this regimen has proven effective in the treatment of pediatric patients (20, 21) . While the suppressive effects of corticosteroids on the immune system are well documented (13, 25) , less information is available regarding the possible long-term consequences of chronic administration to immunologically immature individuals.
Previous studies (7, 8) have been conducted to assess the immunosuppressive effects and reversibility of chronic, alternate-day hydrocortisone therapy on the immunologically immature rat, a steroidsensitive species (3) . Alternate-day administration of hydrocortisone from days 7 through 19 from birth resulted in a depletion of small lymphocytes in the white pulp of the spleen and the cortex of the mesenteric lymph nodes when animals were sacrificed 2 days after the cessation of treatment. Such depletion was reversible, as animals sacrificed 23 days after the cessation of treatment were histologically normal. Small B lymphocytes of the outer cortex of mesenteric lymph nodes were suggested to be the target of the direct lymphocytolytic effect of hydrocortisone, while the effect of hydrocortisone on the thymus seemed to be the cause of the depletion of small T lymphocytes observed in the periarterial lymphatic sheath (PALS) of the spleen. No apparent changes could be observed in medium-sized B lymphocytes of the marginal zone of the spleen.
The same dosage regimen of hydrocortisone caused a significant decrease in serum IgM concentrations in animals sacrificed 2 (9) . Since medium-sized B lymphocytes of the marginal zone of the spleen are responsible for IgM synthesis (17, 22) and were not lysed, a different mechanism of hydrocortisone effect on these cells was suggested.
Histologists traditionally categorize lymphocytes as small, medium, and large on the basis of their diameter and relative amount of cytoplasm (11) . Following stimulation by an antigen, small and medium-sized lymphocytes transform into large lymphocytes (lymphoblasts) (18) possessing free polyribosomes usually present in synthetically active cells (10) . These active cells undergo a series of morphological and biochemical changes that result in proliferation and differentiation into effector cells. B lymphoblasts differentiate into plasmablasts possessing ribosomes mostly bound to the membrane of the rough endoplasmic reticulum and engaged in synthesis of protein destined for export from the cell as a secretory product (10) . Plasmablasts then migrate from the white pulp of the spleen to the red pulp and from the cortex of the mesenteric lymph nodes into the medulla, where they continue their maturation into antibody-secreting cells, the plasma cells (24) .
To further study the effect of alternate-day hydrocortisone therapy on lymphoblasts and plasmablasts, which are relatively few in number in immunologically immature rats and are better identified by their ultrastructure, an electron microscopic study was conducted. The results of such a study could also confirm light microscopic findings of the same dosage regimen on small and medium-sized lymphocytes.
METHODS
Tissues for this study were obtained from animals treated as described in previous articles (7) (8) (9) . Brief (Fig. 1 ), the few small lymphocytes observed in the white pulp of the spleen of hydrocortisone-treated rats were widely separated from each other (Fig. 2) . In spite of such depletion, no evidence of degeneration of small lymphocytes was detected in the PALS. Furthermore, small lymphocyte structure was similar in appearance to cells in sections of vehicle-treated rats for both ages studied (Fig. 3) .
With the depletion of small lymphocytes, medium-sized lymphocytes were the dominant cells in the PALS. They looked similar to the medium-sized lymphocytes observed in sections of vehicle-treated rats in both ages studied. which always displayed a well-developed Golgi apparatus and distinct rough endoplasmic reticulum in their cytoplasm (Fig. 4) (Fig. 7) . Others showed densely osmiophilic nuclei (Fig. 8) . The cytoplasm of the latter cells was greatly reduced, very few mitochondria could be seen, and cell boundaries were indistinct.
Bordering on these cells, 2 types of cells could be identified in 21 -day-old hydrocortisone-treated rats (Fig. 9) (4) . In their studies on the effect of hydrocortisone on the small lymphocytes of the mouse thymus. Cowan and Sorenson (4) reported that nuclear degeneration following hydrocortisone was characterized by a gradual increase in the density of nuclear chromatin ending with a completely osmiophilic nucleus. They also noticed that such changes were accompanied by phagocytosis of lymphocytes and nuclear debris by macrophages.
The lytic effect of hydrocortisone apparent in small lymphocytes was not observed in medium-sized cells. However, medium-sized lymphocytes of the marginal zone of the white pulp of the spleen and, apparently, of the outer cortex of the mesenteric lymph nodes in 21-day-old hydrocortisone-treated rats were depleted of cytoplasmic organelles. Hydrocortisone appeared to reduce the metabolic and secretory activities of medium-sized lymphocytes and to depress protein synthesis, which is consistent with the resultant decrease in IgM production reported in a previous study (9) .
It seems likely that the injury to medium-sized lymphocytes caused by hydrocortisone was not permanent. Although 42-day-old hydrocortisone-treated rats still possessed some medium-sized lymphcytes with less distinct organelles. the production of IgM by these animals was increasing although the concentration was below that of controls (9) . It may be that the 3-wk period from the cessation of the therapy to the time of sacrifice was insufficient to fully reverse the injury.
Reports have suggested that the medium-sized lymphocytes of the marginal zone of the spleen are nonrecirculating, slowly dividing cells derived from precursors that, after leaving primary lymphoid organs, remain in circulation for a few days before settling in the marginal zone (14, 15 
